Introduction
There is consensus that human health and well-being depend on many goods and services, much of which are me-
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http://dx.doi.org/10.17348/era.14.0.231-257 increased the importance of issues that work towards discovering the novel therapeutic properties from plants. Consensuses have emerged that identifying the potential plants that can produce such antidiabetic properties must be primary to this goal (Bailey & Day 1989 , Ghourri et al. 2013 . Accordingly, studies have documented the diversity and use of antidiabetic plants by indigenous communities in Asia (Chhetri et al. 2005 , Grover et al. 2002 , Kadir et al. 2012 , Ocvirk et al. 2013 , Tag et al. 2012 and Africa societies (Gbolade 2009 , Ghourri et al. 2013 , Semenya et al. 2012a . From these studies, it appeared that people's knowledge about plant and medicinal potentials may vary, even at smaller scales. Therefore, it is believed that the assessment of the diversity of plants used in the traditional treatment of diabetes will still produce a good impact on the ethnobotany of antidiabetic plants.
Ethnobotanical studies, though extensively documented, still deserve some attention. First, it has been argued that the pattern of ethnobotanical knowledge, in relation to social factors, is more strongly associated with plant use categories, including medicinal plants. For example, in the gender-related knowledge about natural resources use, men were currently reported to have higher knowledge than women (Kristensen & Balslev 2003 , Wekerle et al. 2006 , although the trend is inverted when looking at medicinal plants (Begossi et al. 2002 , Souto & Ticktin 2012 . That is, according to the category of uses, the pattern of plant knowledge might vary among the social groups. On the second hand, most studies have come up with a positive association between age and traditional knowledge (Case et al. 2005 , Kidane et al. 2014 , Saynes-Vásquez et al. 2013 , probably because knowledge tends to accumulate through life cycle (Beltrán-Rodríguez et al. 2014) . But, it is worth understanding whether this trend varies according to the type of occupation. In other words, the extent to which a social factor can explain the variation in people's knowledge may depend on the level of another one (Souto & Ticktin 2012) .
One additional point to make is about the change of the vegetation type and its composition as results of latitudinal gradient effects (Rosenzweig 1991) , which may be a variable used to predict the availability of medicinal plant species and, therefore, the knowledge on these plants. Unfortunately, if the use of plants and the variation in knowledge within indigenous people are frequently related to the difference in social factors such as origin, gender, age, and occupation (Camou-Guerrero et al. 2008 , Campos & Ehringhaus 2003 , Case et al. 2005 , Souto & Ticktin 2012 , the application of geographical concepts is lagging (Beltrán-Rodríguez et al. 2014) . For instance, occupation is a decisive social variable for effective knowledge (CamouGuerrero et al. 2008 ); a herbalist is assumed to be more knowledgeable in the healing attributes of plants than a farmer. But the effects of occupation on people's knowledge may work at different rates according to the location and the available vegetation. Beltrán-Rodríguez et al. (2014) found that occupation was significantly associated with knowledge (P < 0.05), but suggested that other factors-such as density of useful species, floral heterogeneity, and altitudinal variations-should be accounted for in the variation in the ethnobotanical knowledge. Therein, we believed that the type of occupation could significantly explain the knowledge among informants depending on location, age, or gender.
In this paper, we applied a geographical analysis to assess the diversity, uses, and knowledge on antidiabetic plants. We explored different phytogeographical districts that spread over the three bioclimatic regions, from southern to northern Benin. The country is a prime study area in that traditional medicine is widespread and still the mainstay of primary health care of many people (Assogbadjo et al. 2010 , Fandohan et al. 2010 , Koura et al. 2011 ). However, very few studies have investigated the use of antidiabetic plants in Benin (Fah et al. 2013) . The available information is on the antidiabetic plants sold by plant traders in two communal districts of southern Benin. Hence, other potential groups of informants such as traditional healers, diabetic patients, or agricultural farmers who can readily provide reliable details on potential antidiabetic plants were not considered (Bhattarai et al. 2006 , Ocvirk et al. 2013 , Semenya et al. 2012b ).
This study, therefore, assessed the diversity, uses, and knowledge of the plants used in the traditional treatment of diabetes in the Republic of Benin. The following specific questions were addressed: 1) What is the diversity (richness) of plants used in diabetes management? How similar is the knowledge of antidiabetic plants between locations? Accordingly, we tested whether (i) closer locations or phytodistricts exhibit higher similarity in the plant species cited. 2) What are the most reported species and how consistent is their citation across the study area? We also determined whether (ii) a most reported species was highly and consistently mentioned in each location. 3) What are the plant parts and traditional preparation methods used? 4) Does the knowledge on antidiabetic plants depend on age, gender, occupation, or location? If so, how?
With these questions, we tested whether (iii) older people, women, and healers are the best informed and (iv) whether age and location have additional information value in understanding the variation in plant knowledge among healers, farmers, and plant traders.
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Materials and Methods
Study area
This study was carried out in four out of the ten phytogeographical districts (referred to as phytodistricts or locations) in the country (Adomou et al. 2006) . These four phytodistricts were selected in a way to span the three bioclimatic zones of the country (Figure 1 ). These phytodistricts include Pobè and Ouémé valley (in the Guinean bioclimatic zone), South Borgou (in the Sudano-Guinean bioclimatic zone), and Atacora chain (in the Sudanian bioclimatic zone). The reason for the selection of different phytodistricts is attributable to their difference in terms of soil and vegetation conditions (Table 1) . From the four phytodistricts, 56 villages were randomly selected to conduct the ethnobotanical survey.
Ethnobotanical surveys
Ethnobotanical surveys were conducted with three groups of informants: traditional healers, medicinal plant traders, and farmers. Altogether, 254 informants (122 traditional healers, 38 medicinal plant traders, and 94 farmers; Table  1 ) were identified and interviewed in the 56 selected villages. The small number of traders in our sampling was due to the fact that they were mobile, compared with the traditional healers and farmers. During this research, it Figure 1 . Location of the areas of study in Benin.
1 -Atacora chain 2 -South Borgou 3 -Ouémé valley 4 -Pobè Km was difficult to find many of the traders at their residence, as they usually move towards local and regional markets to sell their medicinal products.
Informants' permission was obtained, with help of local leaders. A semi-structured questionnaire was administered separately to each informant. Interviews were conducted at informants' residences. Socio-economic data (social attributes, gender, age, and level of education) of the informant was recorded. Interviewees were then asked about the plants used to treat diabetic patients. For each plant reported, interviewees were asked three specific questions: (i) What are the plant parts used? (ii) What are the manners of use? and (iii) Where is the plant collected from? Finally, interviewees were requested to show the specimen of each reported plant. Plant local names were checked using regional floras-Flore du Bénin (De Souza 1988) and Flore Analytique du Bénin (Akoègninou et al. 2006 )-for identification. In the meantime, plant materials were collected, dried, and stored for final identification at the National Herbarium of the University of Abomey-Calavi (BENIN) in Cotonou, Benin.
Data analyses
Plant diversity and citation
We described the diversity in plant species, based on the species richness. The relative frequency of each family was calculated as the number of species (for a given family) divided by the total number of species for all families. Since one of our hypotheses was based on spatial variation of plant knowledge, we explored the similarity of plant knowledge among phytodistricts using Jaccard Similarity Index (JI; Höft et al. 1999) . The index measures the degree of similarity between two localities using the number of species (c) shared by the two localities, the number of species present in locality A (a), and the number of species present in the locality B (b), as described below:
The JI values range between 0 and 1, the maximal value expressing a complete similarity.
Frequency of citation was calculated to assess species relative utility as perceived by the interviewees. The frequency of citation was computed as the number of citations (for a given species) divided by the number of all citations for all species (Ocvirk et al. 2013) . The most frequently reported species were identified, and a Principal Component Analysis (PCA) was performed on their relative frequency of citation to examine if the citation was consistent across phytodistricts.
Plant parts and manner of use
We assessed the use of plant parts by calculating the consensus value for plant part (Cpp) (Monteiro et al. 2006) . 
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Cpp was computed as the number of citations for a given plant part divided by the total number of citations for all parts. It measures the extent of agreement among the informants concerning the plant part used.
The manner of use was assessed by calculating the consensus value for the manner of use (Cmu) (Byg & Baslev 2001) . Cmu was computed as the number of citations for a given manner of usage divided by the total number of citations for all manners of use. It measures the extent of agreement among the informants concerning the manner of usage of plants. Both Cpp and Cmu were calculated for all the species weighed together and for each of the most frequently cited species.
Effects of demographic factors on informants' knowledge Informants' knowledge was measured using their ability to mention a plant used to treat a diabetic patient. The number of plant species reported by a participant is seen as his/her contribution to the global knowledge pool on all plant species. Moreover, using the number of reported species enables a quantitative indication of how much knowledge, in terms of species, exists within informants (Camou-Guerrero et al. 2008) . It is commonly used as a proxy to assess the degree of knowledge of plant resources (Beltrán-Rodríguez et al. 2014 , Camou-Guerrero et al. 2008 , Souto & Ticktin 2012 . . The generalised linear model (GLM) with a Poisson distribution was applied using "glm" function in the R software system.
Sites of collection of antidiabetic plants/plant parts
Information about harvest sites for plants/plant parts was analyzed in each phytodistrict using the consensus value for the collection site (Ccs). This index is defined as the number of citations for a given site divided by the total number of citations of all sites (Monteiro et al. 2006) . It measures the extent of agreement among the informants concerning the collection site of the plant used.
Results
Taxa of medicinal plants
Informants reported a total of 203 medicinal plant species belonging to 176 genera and 72 families (Appendix 1). The most represented family was Fabaceae (28 spp.) followed by Apocynaceae (12 spp.), Asteraceae (11 spp.), and Euphorbiaceae, Malvaceae, and Rubiaceae (9 spp. each) ( Table 2 ). Many families (70.8%) were relatively less represented (1-2 spp.).
Citation of species according to phytodistricts
Of the 203 reported plant species, 34, 63, 81, and 125 were cited in Pobè, Atacora chain, Ouémé valley, and South Borgou, respectively. The similarity index (Table 3) was relatively higher between geographically closer phytodistricts (Pobè and Ouémé valley, Ouémé valley and South Borgou, and South Borgou and Atacora chain), indicating that the closer phytodistricts shared more species and were more similar in antidiabetic plant knowledge.
The total number of citations varied according to the phytodistrict, as noticed for the number of species. The repartition of the number of species along with the number of citations showed that many plant species (158; 78%) were infrequently reported (<5 citations) compared with others: 26 plants (5-10 citations; 13%), 12 plants (10-15 citations; 6%), and 7 plants (˃15 citations; 3% Table 3 . Similarity in the plant knowledge between paired phytodistricts in Benin. Higher value of Jaccard Index indicates higher similarity. 
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The first two principal axes, extracted from the PCA performed on the most reported species (Table 4) , explained 78.1% of the total variance. The first axis (40.7%) was positively associated with Pobè and South Borgou (r = 0.99 and 0.68, respectively) while on the second axis (37.4%), South Borgou and Ouémé valley were positively correlated (r = 0.69 and 0.55, respectively) but opposed to Atacora chain (r = -0.84). The plot of the PCA, representing the two principal components ( Figure 2 ) indicated that K. senegalensis and C. aurantiifolia were consistently highly reported in three phytodistricts, namely Pobè, South Borgou, and Atacora chain (for K. senegalensis) and Pobè, South Borgou and Ouémé valley (for C. aurantiifolia). Momordica charantia and C. bonduc were consistently highly mentioned in South Borgou and Ouémé valley. Moringa oleifera was mostly reported in Atacora chain. Garcinia kola and C. roseus, though being frequently reported, did not show any particular direction towards any phytodistrict.
Plant parts and manner of use
Bark, leaf, fruit, seed, root, and bulb were the plant parts reported as used ( Figure 3 ). Use of the whole plant was also mentioned, especially for some herbaceous species. In general, the highest consensus value (36.8%) was recorded for leaves, followed by roots (21.3%) and bark (18%). The least reported plant part was bulbs. The differ- ent manners of use were decoction, infusion, maceration, trituration, powder, and raw consumption, but the ones most frequently quoted were decoction and maceration (Figure 3 ). For the most reported species, the following were observed in terms of most reported plant part(s) and most reported manner(s) of use:
• Moringa oleifera: leaf and root; powder and infusion.
• Momordica charantia: leaf and root, but the whole plant was also frequently mentioned; decoction and trituration.
• Khaya senegalensis: bark; decoction.
• Garcinia kola: bark, followed by fruit and root; maceration and decoction.
• Citrus aurantiifolia: fruit; decoction and maceration.
• Catharanthus roseus: leaf; decoction.
• Caesalpinia bonduc: root; decoction and maceration.
Effects of gender, age, location, and occupation on knowledge of informants
Gender was a significant predictor of knowledge. The results of Poisson regression model (Table 5) indicated that men were significantly and positively related with the number of plants reported (β = 0.3; Z = 2.5; P = 0.011).
They mentioned relatively higher number of plants than women (Figure 4 ).
The number of plants mentioned was significantly different among categories of age (P < 0.01) ( Table 5) . Adults (30-60 years old) and aged people (over 60 years) were associated with a significant increase in the number of plants cited (β = 0.9; Z = 3.9; P < 0.001 for adults; β = 1; Z = 3.2; P = 0.001 for old people), suggesting that they know more plants than youngsters (Figure 4 ).
The phytodistricts strongly influenced the ability of informant to mention an antidiabetic plant. The results of Poisson regression model indicated that informants from South Borgou were associated with a significant increase in the number of plants known (β = 0.7; Z = 5.9; P < 0.001). Accordingly, the highest mean number of plants mentioned was found in South Borgou (Figure 4 ).
Occupation also strongly influenced the number of plants mentioned by the informants. Traditional healers were significantly (P = 0.002) and positively associated with an increase in the number of plants cited (β = 1.1). They mentioned a higher number of plants, followed by the farmers and the traders who were less knowledgeable ( Figure 4 ). The number of plants varied significantly according to the interaction between occupation and age (P < 0.001) (Table 5). The effect of occupation on knowledge of plants depended on the category of age. Adult healers were significantly more knowledgeable than adult farmers and traders (Kruskal-Wallis test, Chi-square = 12.22, P = 0.002), but the number of plants reported was the same either when they were young (ANOVA, F = 2.38, P = 0.148) or when they got old (Kruskal-Wallis test, Chi-square = 1.27, P = 0.529) ( Figure 5A ). The trend that we observed in the age-related knowledge of plants (i.e., adults and old people know more plants than youngsters) was also observed for each type of occupation ( Figure 5B ), but differences were not significant (P > 0.05).
Category
There were also interaction effects between location and occupation. Indeed, the number of plants mentioned was significantly different among farmers, healers, and traders in South Borgou (Kruskal-Wallis test, Chi-square = 7.30, P = 0.025) while the difference was not significant in Pobè (Kruskal-Wallis test, Chi-square = 1.92, P = 0.381), Ouémé valley (Kruskal-Wallis test, Chi-square = 0.77, P = 0.677), or Atacora chain (Kruskal-Wallis test, Chi-square = 2.30, P = 0.315). This highlights a specific effect of location on occupation-related knowledge ( Figure 6A ). Differences were significant among phytodistricts, especially for the farmers (Kruskal-Wallis test, Chi-square = 9.40, P = 0.024) and the healers (Kruskal-Wallis test, Chi-square = 18.86, P < 0.001), while there was no significant phytodistrict effect on the ability of traders to mention a plant (Kruskal-Wallis test, Chi-square = 5.76, P = 0.123), showing that the effect of location varied with the type of occupation ( Figure 6B ). 
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Sites of collection of antidiabetic plants/plant parts
Plants/plant parts were reported as harvested from crop fields, fallows, and forests ( Figure 7 ). They were additionally sometimes collected from home gardens. In Pobè, South Borgou, and Atacora chain, crop fields obtained the highest consensus values (38.1, 28.8, and 48.5% respectively), followed by forests (17.9, 25.7, and 25.7% respectively). In Ouémé valley, by contrast, plants were mostly retrieved from the forests (69.2%). Regardless of phytodistrict, the lowest consensus values for plant collection were observed for home gardens, indicating a weak availability of antidiabetic plants in the home gardens and also a weak attempt for ex situ conservation of the antidiabetic plants.
Discussion
Diversity of antidiabetic plants
Species of 72 different plant families were mentioned; most frequently these were members of Fabaceae, Apocynaceae, Asteraceae, and Euphorbiaceae, as also recently documented in others studies (Kadir et al. 2012 (Kadir et al. , N'guessan et al. 2009 . A study by Trojan-Rodrigues et al. (2012) on the plants used as antidiabetics in popular medicine in Rio Grande do Sul (southern Brazil), likewise, has highlighted a predominance of Asteraceae. Similar observations were also made by Semenya et al. (2012a) in South Africa. The wide distribution of these families may support our findings, but it is also possible that these dominant families comprise species that possess Figure 6 . Mean number of reported species according to (A) occupation within phytodistrict and (B) phytodistrict within occupation. Species were reported as useful for treating diabetes by survey participants from four phytodistricts in Benin; ns: not significant; *: significant at 0.05; **: significant at 0.01.
many biologically active compounds which can be effective in the management of diseases. When compared with results from other studies, the number of plant species recorded in this study (203) is higher, e.g., compared to the 129 antidiabetic plants reported in the South of Maroc (Ghourri et al. 2013 ). This number is also remarkably higher than the one reported by Fah et al. (2013) in two different communal districts of Southern Benin (61 spp.). This difference may presumably be due to the spatial scale of the study. Indeed, we studied four phytodistricts covering the three bioclimatic zones of the country. These phytodistricts are different in terms of vegetation and soil condition (Adomou et al. 2006) , which can make available different environmental conditions for more potential species. In line with this, the total number of reported species varied considerably according to the phytodistricts. However, the results also revealed that the geographically closer the phytodistricts, the more similar the informants' antidiabetic plant knowledge. Such a similarity between closer phytodistricts is indicative of the importance of geographical aspects to ethnobotanical knowledge.
Citation of antidiabetic plants
Many plant species were so poorly reported (1-2 citations) that their medicinal properties are questionable.
We did not evaluate effectiveness of the reported species and, therefore, focused the discussion on the most frequently reported plants. Only few species were highly cited, and these are promising plants for phytochemical research and discovering new antidiabetic drugs (Hossan et al. 2010 , Newman & Cragg 2007 ). An analysis of these most frequently mentioned species in each phytodistrict showed consistency in their high citation across different phytodistricts. This provides evidence that the antidiabetic potentialities of these plants are recognized among informants. Comparative analyses of the most reported species with some previous studies also revealed consistency. For example, Citrus aurantiifolia which scored the highest frequency of citation here (34) was also reported by Gbolade (2009) in Nigeria and Tag et al. (2012) in Bangladesh. Likewise, Momordica charantia has been reported in many studies throughout the world [Chhetri et al. (2005) in India, Gbolade (2009) in Nigeria, Semenya et al. (2012a) in South Africa, Kadir et al. (2012) and Ocvirk et al. (2013) in Bangladesh]. Similarly, the use of Catharanthus roseus (16 citations here) has been reported in other recent studies (Chhetri et al. 2005 , Grover et al. 2002 , Kadir et al. 2012 . Studies have also reported the use of Moringa oleifera, as mentioned in our study (Semenya et al. 2012a , Tag et al. 2012 . Some of the most frequently cited species (M. charantia and M. oleif- 
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The results of this study showed other most frequently cited species-such as Khaya senegalensis (33 citations), Caesalpinia bonduc (18 citations), and Garcinia kola (17 citations)-revealing their high potential for the management of diabetes. Similarly, some species, such as Phyllanthus amarus Schumach. & Thonn., Allium sativum L., Carica papaya L., Cocos nucifera L., Azadirachta indica A.Juss., Allium cepa L., Jatropha curcas L., and Mangifera indica L. were also mentioned in previous studies (Grover et al. 2002 , Kadir et al. 2012 , Ocvirk et al. 2013 although they were moderately reported here (6-14 citations). More remarkably, species less reported in this study (one citation; e.g., Abelmoschus esculentus (L.) Moench, Tamarindus indica L., Citrullus colocynthis (L.) Schrad.) were found mostly enumerated elsewhere (Tag et al. 2012) . This may likely be due to the abundance of these species in the study area but suggests that a lower frequency of citation for a species does not yet guarantee that this species is less important. One example is Citrullus colocynthis that has been found with potential antidiabetic effects (Benmehdi et al. 2011) . Consequently, whenever a species is either most or least frequently mentioned, thorough investigation needs to be carried out on its efficacy and safety to help discover specific medicinal agents and properties. The traditional use of all these species to manage diabetes, combined with corroborating evidence from other studies, provide valuable contributions to the ethnobotanical records in Benin and elsewhere.
Plant parts and manner of use
When analyzing the use of plant parts, we found a frequent utilization of leaves, followed by roots and bark. Leaves were often revealed in many ethnobotanical studies to be the most preferred part of plant for the preparation of remedies, followed by root and bark. This is probably because leaves are easy to collect compared with roots, flowers, and fruits (Giday et al. 2009 , Telefo et al. 2011 . This observation may also be due to the fact that leaves are the main photosynthetic organs containing photosynthates, which might be responsible for active principles (Bhattarai et al. 2006) . In this respect, many studies have reported the medicinal properties of extracts from leaves. This is also true with some plant species reported in this study from which leaf extracts have been tested elsewhere. This study showed, inter alia, that leaves were the most harvested plant parts from M. charantia, M. oleifera, and C. roseus. Leaf extracts from M. charantia have shown hypoglycemic effects on animal models (Chaturvedi 2012 , Grover et al. 2002 . Similarly, ethanolic extracts from leaves of C. roseus have helped control blood glucose and lipids in serum and tissues in alloxanized rats (Malviya et al. 2010) .
Apart from leaves, use of roots and bark was also mentioned. In agreement with our results, some studies have reported the use of roots and bark for many antidiabetic plant species (Kadir et al. 2012 , Tag et al. 2012 . This indicates that these plant parts may possess antidiabetic agents. Fruits, seeds, bulbs, and even the entire plant were also of use. For instance, fruits were mostly harvested from C. aurantiifolia. This is in line with Jung et al. (2006) who reported that C. aurantiifolia fruit is a source of hesperidin and naringin, which are known for their antihyperglycemic effects.
Reported methods of remedy preparation were decoction, infusion, maceration, trituration, powder, and raw consumption. All these methods have consistently been documented in other studies (Albuquerque 2006 , Dold & Cocks 2002 , Semenya et al. 2012a . The use of a given processing method seems to be more dependent on the plant part than the practitioner. However, this requires further detailed research to have a comprehensive insight into the rationale behind the adequacy of a plant part to a manner of use.
Influence of gender, occupation, location, and age on knowledge of informants
The number of reported plant species was used to assess the degree of knowledge of antidiabetic plants. It is worth noting that using this variable as proxy to have an indication of how much knowledge exists within informants does not always yield information about the quality of the knowledge. Our findings revealed that informants' knowledge was related with gender, occupation, location, and category of age.
Gender-related knowledge
The difference in the mean number of reported plants observed between women and men indicates that an informant's gender is associated with ethnobotanical knowledge. From previous studies, differences in ethnobotanical knowledge between women and men showed controversy when looking at the specific categories of uses (Beltrán-Rodríguez et al. 2014 , Camou-Guerrero et al. 2008 , Souto & Ticktin 2012 . Differences were found between men's and women's knowledge in relation to the plants they use at the interspecific and intracategorical levels. In this case, the fact that men cited more species than women may be due to the close association of men's knowledge with the treatment of diabetes.
Occupation-related knowledge
The results revealed that informants' knowledge varied according to occupation. In fact, the type of profession is relevant to characterize the structure of knowledge among people (Boster 1985) . In general, traditional heal-ers mentioned more species than farmers, followed by traders. This was not a surprise since traditional healers are always included in many ethno-medicinal studies for their potential knowledge of medicinal plants and recipes (Cheikhyoussef et al. 2011 , Semenya et al. 2012b . They have acquired extensive knowledge of medicinal plant use (WHO 2002) and practice the art of healing through the use of plants, animals, and mineral substances with social, cultural, and religious background (Van Rensburg et al. 2002) . On the contrary, farmers deal with land plowing and animal rearing and might not build their skills on medicinal use of plants. However, it was surprising that farmers reported more species than plant traders. Some studies have showed that primary activities (land plowing and animal rearing) contribute to use of natural resources and provide a particular contribution to ethnobotanical knowledge (Beltrán-Rodríguez et al. 2014 , Saynes-Vásquez et al. 2013 . Moreover, medicinal plants encompass both cultivated and wild plants. The curious result that medicinal plant traders reported relatively less species than farmers, especially in Atacora chain and South Borgou, is likely due to the low number of traders in our samples (4 and 6 in Atacora chain and South Borgou, respectively, vs. 20 and 47 for healers and 21 and 31 for farmers).
Age-related knowledge and interaction between age and occupation
The results showed that adults and older people knew more species than younger people, probably because ethnobotanical knowledge is accumulated over time (Begossi et al. 2002 , Beltrán-Rodríguez et al. 2014 , CamouGuerrero et al. 2008 , Campos & Ehringhaus 2003 . Indeed, knowledge acquisition is a process associated with time in that youngsters usually learn from elders. While many studies have illustrated a knowledge gap according to age categories, with exception of a few (e.g., see Byg & Balslev 2004) , we additionally found a significant interaction between occupation and age. Indeed the trend in the effect of occupation on knowledge varied with the categories of age in that there was no gap in knowledge among healers, farmers, and traders either when they were young or when they got old. This is in line with Souto & Ticktin (2012) who have illustrated a similar knowledge among people when they are old. The similar knowledge among older traders, farmers, and healers reflects the effects of experience acquisition over time.
Location-related knowledge and interaction between location and occupation
Influence of location on people's knowledge can be attributed by the abundance and degree of availability of plants (Campos & Ehringhaus 2003) . In this study, the effect of location on informants' knowledge is reflected by the highest number of plants reported in South Borgou (in the Sudano-Guinean bioclimatic zone). This highest record is attributable to the fact that this bioclimatic zone is characterized by open vegetation of woodlands and dry forests that harbor many herbaceous and woody species (Mensah et al. 2014 ) and can offer considerable medicinal plants. This is in line with the study by Adomou et al. (2006) who found that the phytodistrict of South Borgou was revealed to be the richest in the total number of plant species (335 spp.) compared with Pobè (284 spp.), Ouémé valley (209 spp.), and Atacora chain (330 spp.). However, the equal mean number of medicinal plants reported in Pobè and Ouémé valley (in the Guinean zone) reflects the proximity of the two phytodistricts (Figure 1 ) and, therefore, a relatively similar ethnic diversity (mainly Yoruba, Fon, Weme, and Nago).
The lower number of plants mentioned in Atacora chain stresses the importance of ethnicity. In fact, a low ethnic diversity was captured by our sampling in Atacora chain, and informants were mainly Nateni and Waama. This low ethnic diversity may be responsible of the lower record of antidiabetic plants. On the contrary, informants in South Borgou were highly ethnically diversified (Idatcha, Mahi, Ditamari, Shabè, and Fulani). The high ethnic diversity in South Borgou may also explain the highest record of antidiabetic plants. In this line, some past studies have well documented the positive association of Idatcha, Mahi, and Fulani people (interviewed in South Borgou) with the use of plant species (Assogbadjo et al. 2010 , Fandohan et al. 2010 , Gaoué & Ticktin 2009 , Koura et al. 2011 ).
The location-related trend that we observed in the knowledge of plants (i.e., informants from South Borgou cited more plants than other informants) was also observed within some types of occupation, namely healers and farmers, but not with the traders, indicating that the influence of location varied with the type of occupation. The similar number of species reported by the plant traders among locations may be explained by the nature of this occupation, which, in almost all the cases, extends beyond the local place of the traders. As traders can travel to sell the medicinal plants, it is possible that traders from different locations might meet and interact at some common places such as markets. These interactions may undoubtedly contribute to the similar knowledge on antidiabetic species among traders from different phytodistrict regions.
In almost all the phytodistricts, the healers reported a high number of species, followed by farmers and traders, but differences were significant only in the South Borgou phytodistrict, revealing that the effect of occupation on informants' knowledge was dependent on the location. The difference that we observed in the number of plants reported by healers, farmers, and traders especially in South Borgou, with the healers most knowledgeable, may be due to the preponderance of home gardens in that phytodistrict, compared with other phytodistricts (Figure 7) , and a probable linkage between healing activity and owning garden.
Conservation of antidiabetic plant species
Conserving natural biological diversity has become a priority since the 1992 Rio de Janeiro Convention, and this was enhanced by the Millennium Ecosystem Assessment (MEA 2005) . Here, we discuss the potential threats related with the use of these antidiabetic plants. This is guided by an examination of the harvested plant parts and the different habitats where plants and plant parts are harvested from.
Conserving natural biological diversity is relevant for the present study, as medicinal services are provided by plants with a risk of diversity erosion. Some species were highly cited (from 16 up to 34). The more cited, the more used and, therefore, the more vulnerable. Thus, they need to be considered in conservation strategies.
The results revealed that many plant parts (bark, leaf, fruit, seed, root, bulb, and whole plant) are used for diabetes treatment. The use of plant parts may make the species vulnerable unless they are harvested sustainably (Bhattarai et al. 2006) . Indeed, the reported use of the whole plant and the roots may be prejudicial for plant stability or propagation (Cunningham 2001 ) compared with the use of aerial organs (e.g., leaves, fruits, and seeds) because these plant structures are renewable (Sheldon et al. 1997) . However, Bhattarai et al. (2006) stressed the vulnerability of plants as a result of leaves harvested, and related this with the fact that they contain more chemical defense compounds in the form of biologically active metabolites. Similarly, it has been reported that the harvest of leaves and fruits might well affect the reproductive performance of the species (Gaoué 2008 , Hall & Bawa 1993 ).
Many reported species are weeds (e.g., M. charantia and C. roseus) or cultivated (M. oleifera and C. aurantiifolia), as revealed by the consensus value for collection sites in each phytodistrict. Their harvesting may harm the individual plant, but they are so common that there is no problem with overharvesting. However, there is a great concern of sustainability, especially when looking at the rare forest or savannah plant species from which roots or bark are harvested. In this context, forests were the second potential sources of plant collection, and many forest species were reported (e.g., Khaya senegalensis, Pterocarpus erinaceus Poir., Anogeissus leiocarpa (DC.) Guill. & Perr., Vitellaria paradoxa C.F.Gaertn., Caesalpinia bonduc, Anacardium occidentale L., Burkea africana Hook.). Khaya senegalensis, for example, was mostly reported with the use of its bark and leaves. The harvest of bark and foliage from K. senegalensis has long been documented as a factor related to the dwindling reproductive performance of the species (Gaoué 2008) . Similarly, populations of species such as P. erinaceus, A. leiocarpa, V. paradoxa, and C. bonduc were stressed to be threatened in Benin (Assogbadjo et al. 2009 , Assogbadjo et al. 2010 , Glèlè Kakaï et al. 2011 .
The efforts for domesticating these antidiabetic plants are weak, as revealed by the lowest consensus values for home gardens. It is, therefore, important to consider conserving the utilized plant species and preventing erosion. In this respect, the establishment of home gardens may be an effective way to mitigate the harmful effects of human pressures, e.g., the degradation of many natural habitats, such as forest, savannas, and wetlands.
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